Structural information can be extracted from one-bond residual dipolar couplings (RDC) measured in NMR spectra of systems in field-ordered media. RDC can be on the order of J-couplings if the anisotropy of alignment is $10 )2 , 10-fold stronger than that typically used for structural studies of water-soluble proteins. In such systems the performance of 1 H ! 15 N polarization transfer methods of the INEPT type is not satisfactory. In this study we show the effectiveness of adiabatic-passage cross-polarization (APCP) in transferring the 1 H ! 15 N polarization in the bicelle-associated peptide Leucine Enkephalin (Lenk). APCP is efficient both in static samples and in samples spun at the magic angle (MAS) or any other angle of the spinning axis to the magnetic field (variable-angle spinning, VAS). The anisotropic spectrum of an aligned static sample and the isotropic spectrum of the sample under MAS provide a set of possible values for the 1 H-15 N RDC of phospholipid-associated Lenk. The unambiguous determination of the 1 H-15 N RDC was accomplished by means of VAS experiments.
Introduction
The measurement of residual anisotropic NMR interactions in partially oriented media has become an important and indispensable NMR tool for the investigation of dissolved molecules. In the following we discuss the measurement of these quantities for peptides which associate dynamically with oriented lipid surfaces. Our system represents a case with an 'intermediate' degree of ordering with an anisotropy DA of the alignment tensor (Saupe, 1964) on the order of $10 )2 . Residual dipolar couplings (RDC) in liquid-state NMR are usually obtained in the regime of weak ordering ($10 )3 ) where the spin-spin couplings are only slightly modified from their value in isotropic phase. Strong alignment ($10 )1 ) is observed for strongly membrane-associated biomolecules (Sanders and Landis, 1995; Howard and Opella, 1996; Losonczi and Prestegard, 1998; Opella et al., 1999; Glover et al., 2001 (Hartmann and Hahn, 1962; Pines et al., 1972; Bertrand et al., 1978; Levitt, 1991) are rarely applied.
In the presence of intermediate or strong orientational order, INEPT polarization transfer becomes inefficient due to transverse dephasing caused, e.g., by the strong coupling effects between the proton spins, making CP techniques more attractive (Levitt, 1991) . However, CP as well as INEPT suffer from the fact that the polarization transfer is oscillatory with a frequency determined by the total coupling. D ¼ J þ D res , where J is the scalar coupling and D res the RDC (see Figure 1 for the case of CP). Because D res depends on the orientation of the bond with respect to the magnetic field direction, no single time-period optimum for all bonds can be chosen, similar to the situation in a solid powder sample (Mehring, 1983) . Again in analogy to solid-state NMR, it may be beneficial to use adiabatic CP schemes (Hediger et al., 1994; Zhang, 1994; Ernst and Meier, 2002) , which promote efficient transfer essentially independent of the precise coupling strength. The application of adiabatic-passage cross-polarization (APCP) methods was indeed initially proposed for liquid samples by Chingas et al. (1980) . APCP is also able to partially overcome the problem of matching the Hartmann-Hahn (HH) condition jx 1 ð 1 HÞ ) x 1 ð 15 NÞj ¼ n x r within the coupling D in the presence of the unavoidable rf-field inhomogeneity. This effect explains some of the gain of APHH over normal HHCP observed in Figure 1. For larger, slowly tumbling molecules cross-correlated relaxation could possibly be employed as an alternative transfer mechanism (Wimperis and Bodenhausen, 1989; Bruschweiler and Ernst, 1992; Riek et al., 1999; Khaneja et al., 2003) . This work describes the use of APCP polarization transfer in the 15 N NMR study of Leucine Enkephalin (Lenk), a membrane surface-associated peptide, in a system of oriented bicelles (Sanders and Landis, 1994; Rinaldi et al., 1997; Prosser et al., 1999; Zandomeneghi et al., 2003b) . INEPT polarization transfer was ineffective except under MAS conditions while APCP is shown to be efficient in static samples and in samples under MAS or variable-angle-spinning (VAS). The 1 H-15 N RDC are unambiguously determined by means of a series of 1D VAS experiments, where the orientation of the liquidcrystalline director is varied.
Materials and methods

Sample preparation
The fully 15 N-labelled Lenk (labelling degree of 98%) with the sequence Tyr-Gly-Gly-Phe-Leu was prepared using conventional FMOC synthesis. The sample preparation is described in (Zandomeneghi et al., 2003b) .
NMR experiments
Static and MAS NMR experiments were performed at 9.4 T on a Bruker DMX 400 spectrometer with a doubly-tuned Bruker 4 mm MAS probe. Proton decoupling was achieved using WALTZ-16 (Shaka et al., 1983) with an rffield strength of 2.6 kHz.
15 N chemical shifts are indirectly referenced to external TMS with a ratio N of 0.101329144 (Live et al., 1984), yielding 15 N shifts relative to liquid ammonia. The spectral width was 8 kHz, the acquisition time 127 ms, and the recycle delay 3 s. (Hediger et al., 1994) ) of 220 Hz and the amplitude span of ±380 Hz (Hediger et al., 1995) . The spectral intensity in the APCP experiments did not depend on the amplitude of the matched rf fields with x 1 ð 15 NÞ in the interval between 850 and 3200 Hz.
